A recent World Resources Institute (WRI) report concluded that pesticides are a likely cause of immune suppression for millions of people thiughout the world. The gravity of this conclusion motivated us to review the scientific evidence cited in the report. The predominant human envdence came from cross-sectional studies conducted in the forner Soviet Union. These studies were difficult to evluate due to incomplete reporting and had obvious limitations in terms of subject selection, exposure assessment, lack of quality control, statistical analysis, adequacy of the comparison group, and confounding. The toxicologic evidence was comprised mainly of acute high-dose studies in which the exposure conditions resulted in systemic toxicity. The relevance of these &studes to effects at typical human exposure levels is questionable. We did not find consistent, credible evidence to support the conclusion of widespread pesticide-related immune suppression. Nonetheless, the WRI report is an important document because it focuses attention on a potentially important issue for future research and brings a substantial literature of foreign language studies to the attention of Western scientists. Key. twrd immune effects, pesticides.
htap:/lehpnetl.nichs.nib.gov/docsI998/106p51-54acquavellabstract.hnml A recent World Resources Institute (WRI) report, "Pesticides and the Immune System: The Public Health Risks" (1), represents a broad attempt to synthesize the available evidence on the potential effects of pesticides on the human immune system. The authors make a commendable effort to compile a wide range of epidemiologic evidence, including a large number of studies from the former Soviet Union that were previously unknown to most western scientists. In addition, they review a significant portion of the available immunotoxicology data on pesticides.
A major conclusion of the report was that pesticides are a likely cause of immune suppression for millions of people throughout the world, especially in developing countries, and, thereby, cause (or exacerbate) various infectious and chronic diseases (e.g., cancer) in these populations. Quoting from the report (1):
The scientific evidence (referring to animal studies) suggesting that many pesticides damage the immune system is impressive.... There is convincing direct and indirect evidence that these findings carry over to human populations exposed to pesticides.
In light of the gravity of this conclusion, the American Crop Protection Association convened a task group of industrial scientists with expertise in immunotoxicology and epidemiology to review the WRI report. The purpose of the current paper is to summarize the task group's assessment of the scientific evidence cited in the WRI report. In addition, we hope to stimulate a critical evaluation by others of the science in this important area.
The Human Evidence
There are few studies of immunologic parameters or infectious disease rates for pesticide-exposed workers in the developed world. There have, however, been a sizable number of studies in the former Soviet Union. These studies comprise the primary human evidence in the WRI report.
Epidemiologic We arranged for English translations of many of the Soviet epidemiologic studies cited in the WRI report in order to review their research methods, results, and condusions. These studies were difficult to evaluate, however, due to incomplete reporting of research methods to an extent that would preclude publication in most western journals. Characteristically, there were no descriptions of the study design, subject selection methodology, or statistical analysis. Procedures for collection ofspecimens and laboratory analytical methods were not detailed or were described inadequately, and there was no mention of quality control measures. There was no attention to confounding and other potential sources of bias, either in the study design or in statistical analysis. Several of the Soviet references were commentaries and not actual studies.
The predominant study design was the cross-sectional approach. The limitations of this study design, versus longitudinal designs, for etiologic research are well described (3). Many of the Soviet studies did not have an unexposed control group, relying instead on unspecified external normal values. This raises two important potential sources of bias: 1) demographic or other risk factor differences between exposed and referent populations; and 2) differences in specimen collection procedures and analytic methodology between exposed and referent populations. Also, given the lack of a control group, special precautions should be taken to ensure unbiased evaluation of specimens; no such procedures were specified.
Few studies discussed the specific pesticides under investigation or the potential extent of exposure. None The potential for selection bias is conspicuous in the study by Katsenovich et al. (5) , which compared the absolute numbers and functional characteristics of T and B cells from workers with pesticide exposure and an unspecified control group. In this study, exposed subjects were selected because they were ill with disorders of the kidney and liver; controls were selected because they were healthy and unexposed. In this case, the selection of subjects probably contributed to the outcome of the study.
Lack of control for potential confounding factors was apparent in most of the Soviet studies. For example, Palvanova (6) compared rates of gastritis for 116 longer term (male and female) workers and 20 shorter term (male) workers without controlling for age or sex. Palvanova noted several other potential uncontrolled confounding factors induding abnormal work, smoking, and incomplete protein nutrition (6) 10 years work experience and those with 10 or more years work experience. There was no control for age and no discussion of potential confounding by smoking (9) or other external risk factors. In addition, there were apparent differences in laboratory analyses for the two groups: only 60% of lymphocytes were described as T cell or B cell for workers employed less than 10 years, compared with 70% for workers employed more than 10 years. The percent of lymphocytes described as T or B cell was unknown for the population that constituted the normal values (8) .
Perhaps the strongest Soviet study was that of Ladnova et al. (10) . This study had an unexposed control group, and both the control group, and the exposed group were employed similarly as machine operators. Outcomes were determined from medical records for disability claims. The exposed group had higher rates of illnesses such as gastritis, acute and chronic respiratory diseases, and allergic diseases of the skin, while controls had higher rates of diseases of the nerves and peripheral ganglia, hypertonic diseases, and diseases of the kidneys and urinary tract (10) . These results speak to widespread health differences between the exposed and control groups and complicate the evaluation of putative effects related to pesticide exposures.
Non-Soviet Studies
The major non-Soviet evidence cited in the WRI report (1) was a study ofInuit Indians in remote areas of northern Canada (11) . Chronic otitis media is described as epidemic among Inuit children and related to organochlorine exposure, induding dioxins, polychlorinated biphenyls, and pesticides, in the mainstays of their diet-fish, whale, seal, walrus, and bear meat (11 (17) (18) (19) .
Two specific studies of farmers were cited as indicative of even stronger relationships between pesticide use and NHL when the frequency of pesticide use was considered (21, 22) . However, our review of these references found no analyses by frequency of pesticide use and generally null findings across numerous analyses.
Whether farmers' cancer rates are affected by pesticide exposures remains an unresolved area of active research. At present, therefore, this literature is too uncertain to support a theory of human immune suppression from pesticide exposures.
Toxicologic Evidence
The WRI report (1) reviewed a sizable number of pesticide immunotoxicologic studies. The focus was on acute high-dose studies in which the exposure conditions resulted in systemic toxicity and, in some instances, lethality. In our opinion, studies that reflect the human experience in terms of doses, routes of administration, and exposure duration are more relevant. As pointed out previously, pesticides can modulate the immune system of laboratory animals at doses that are orders of magnitude higher than reported human exposures (23) . Such studies, however, provide a questionable basis for extrapolation and generalization to human exposure scenarios. In current practice, immunotoxicity is usually evaluated at doses lower than those producing overt toxicity (24) .
A number of examples from the WRI report (1) Krajnc et al. (26) administered TBTO at concentrations of 80 and 320 mg/kg. Dietary administration ofTBTO at the 320 mg/kg level has been shown to have lethal effects in test animals. At the high concentration, mice were emaciated and weak, had demonstrable nasal and ocular discharges, and showed reduced activity. Reduced activity was also seen at 80 mg/kg (26) .
In vitro evidence was cited to support the view that allethrin and cypermethrine (the cynano-derivative of permethrin) inhibit the proliferation of T and B lymphocytes. Data from Stelzer and Gordon (27) show that allethrin, the most potent inhibitor, blocked proliferation over a limited dose range from 1. (27) The NTP program tested the 53 chemicals at doses that avoided overt toxicity (i.e., defined as a reduction in body weight greater than 10%). Among pesticides, only pentachlorophenol was dassified as positive. As mentioned previously, Kerkvliet et al. (14) and Holsapple et al. (15) showed that the apparent effects of pentachlorophenol were due to contaminants. Thus, the findings in the NTP database, while not a comprehensive evaluation of pesticides, are contrary to the condusion from the WRI (1) report that there is a large body of experimental evidence indicating that pesticides are immunotoxic. Research on additional pesticides, at doses insufficient to produce overt toxicity, would be necessary to evaluate the general proposition that pesticides are likely to be immunotoxins at typical human exposure levels.
Another issue with the immunotoxicity review in the WRI report (1) is the lack of distinction between statistically significant and nonsignificant findings. The data of Lee et al. (29) are cited to support the viewpoint that organochlorines (DDT), organophosphates (crufomate and methyl parathion), and thiocarbamates (propham) decrease neutrophil chemotaxis. In fact, except for methyl parathion, these findings were within the range where chance precludes rejecting the null hypothesis.
Finally, our limited review of English language references found some papers that were cited incorrectly. For example, the authors suggested that studies by Kerkvliet and others (30, 31) show that sodium arsenate impaired host resistance to tumor growth. In the summary, Kerkvliet stated: "Our results indicate that chronic exposure to sodium arsenate at arsenic levels as high as 100 ppm is not detrimental to mice in terms of tumor growth and immunosuppression" (31) . Second, it was suggested that malathion and methyl parathion inhibited mitogenic responses of lymphocytes in in vitro assays. In fact, Lee et al. (25) ) used only methyl parathion and found no significant difference between the treated and control groups.
Conclusions
We consider "Pesticides and the Immune System: The Public Health Risks" (1) to be an important report. We hope it will begin a critical dialogue on the scientific evidence linking pesticides and human immune effects.
A thorough reading of the WRI report (1) finds frequent acknowledgments of the limitations of the available epidemiologic and immunotoxicologic research on pesticides. On balance, however, the authors concluded that immunosuppression probably occurs at pesticide exposure levels common to millions of people, especially in the developing world. We do not find consistent, credible evidence for this viewpoint, but we think that human pesticide immunotoxicity is an important area for critical scientific evaluation and future research. The conduct of epidemiologic studies of immune effects and pesticides is difficult, however, because exposure scenarios are complex and there are important issues of confounding and other biases to consider, especially in the developing world. Until some high quality research is available, it seems inappropriate to implicate pesticides as a widespread cause of immune suppression, infectious diseases, and cancer. Additional reviews of the literature would be beneficial from the perspective of consensus, research planning, and exposure prevention efforts.
We recommend that future reviews of the epidemiologic literature make distinctions, when possible, by type of pesticide or, at least, by pesticide class. The general trend in industry is decidedly toward marketing less toxic pesticides, and perhaps this trend could be accelerated by a more specific review.
Evaluation of the potential health effects of pesticides is only one aspect of improving the health and immunologic status of populations in the developing world. Risk/benefit evaluations should also consider the beneficial effect of pesticides in increasing food production and combating the spread of infectious diseases.
